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FOREWORD

This technical report presents nondestructive test results on a graphite fiber reinforced

aluminum composite space radiator panel. The panel was evaluated after each of four

fabrication stages by four nondestructive techniques: ultrasound, x-ray, dye penetrant, and

visual inspection. The results illustrate the importance of nondestructive evaluation (NDE) in

the qualification of materials for spacecraft application.
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ABSTRACT

Graphite aluminum composites which employ graphite fibers for mechanical

reinforcement have applications in the aerospace industry. They are particularly attractive for

spacecraft thermal management systems due to their ability to efficiently transport heat. The

detection and evaluation of damage in structures fabricated from this material is necessary to the

efficiency and application of these materials.

This technical report presents research on a graphite fiber reinforced aluminum

composite space radiator panel. The panel was evaluated after each of four fabrication stages

by four nondestructive techniques: ultrasound, x-ray, dye penetrant, and visual inspection. The

results illustrate the importance of nondestructive evaluation (NDE) from the time the composite

is fabricated through the time it is implemented into the spacecraft. These NDE technologies

will help detect external or internal irregularities (anomalies) at each increment of the

fabrication and qualification testing of the composite radiator panel.
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INTRODUCTION

BACKGROUND

This technical report documents the nondestructive evaluation (NDE) methods used to

inspect a graphite fiber reinforced aluminum (Gr/AI) composite space radiator panel. The NDE

results are presented for a Gr/Al panel after primary processing, after each of the secondary

fabrication operations, and after various stages of the space flight qualification testing. The

Naval Center for Space Technology (NCST) designed the space radiator and conducted the

flight qualification tests. The Naval Surface Warfare Center (NAVSWC) supported this project

by providing the Gr/Al panels to be fabricated into radiators and performing the NDE

evaluations.

COMPOSITE DESIGN

Carbon fibers made from mesophase pitch offer high stiffness, high thermal

conductivity, and low density, making them an attractive reinforcement on which to base

composite materials. Composite microstructural design is governed by the fabrication and

service requirements of the component. For the space radiator in which the driving factor is

high thermal conductivity, Amoco P120 pitch fiber was selected as the reinforcement because of

its high thermal conductivity. The function of the radiator in this application is to keep the

temperature of a nickel-hydrogen storage battery from exceeding a prescribed upper limit by

eliminating waste heat generated during battery operation (Figure 1). Heat produced by the

battery is conducted into the radiator panel by five metal webs to which the panel is

mechanically attached (Figure 2). The radiator must spread the heat along its length (the 00

fiber direction) and then dissipate the heat into space.

The composite must therefore exhibit a high thermal conductivity in the 00 direction, as

1
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FIGURE I. GR/AL COMPOSITE RADIATOR PANELS PROTECTING THE
COMMON PRESSURE VESSEL BATTERY

ALUMINUM WEBS
BOLTED TO

HEAT FLOW RADIATOR PANEL_._._--------

-- -- -- - - :- :1- 1 * .-: :-: --

S. . . . .. . . . g . . -. -. . . . . .-- --------9008 INCHES

--- -- -- ° --~ .--:-----

Gr/AI RADIATOR j 12 INCHES

FIGURE 2. SCHEMATIC OF RADIATOR PANEL ARRANGEMENT
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defined in Figure 2. Initial consideration went to using a unidirectional layup to bias the fiber

arrangement in the 12-inch direction and provide the high 01 thermal conductivity needed.

However, the radiator design incorporated bolt holes within one bolt diameter of the panel free

edge so the composite architecture was modified to increase the strength in the 90' direction and

reduce the possibility of edge tearout during machining. The configuration chosen was a

[0"2/900/0°212. ten-ply stack as seen in Figure 3. A 3-mil aluminum foil was added on each

surface to minimize fiber print-through. This resulted in a laminate with nominal 50 mil total

thickness and nominal unit ply thickness of 4.4 mil. The requested fiber fraction was 42+2

percent by volume. A photomicrograph of the layup configuration can be seen in Figure 4.

The white areas in the figure are the aluminum layers in the coh~figuration. The fibers in the

transverse direction are the 0° fibers used to dissipate the heat. The cross sectional fibers in the

center of the micrograph are the 90' fibers which add strength to the radiator around the bolt

holes.

COMPOSITE FABRICATION

DWA Composite Specialties, Inc., performed the primary processing of the P120/6061

[02/90°/0'212, panel (company number 2887) using its DWG process. The composite was

produced from its raw constituents via diffusion bonding in a hot-press. Processing details were

proprietary. The size of the panel delivered to NAVSWC was 12 inch by 8 inch by 0.052 inch.

Secondary fabrication operations were performed by COMSAT Laboratories. COMSAT

machined the perimeter cut on a high speed end mill using carbide tooling, machined the holes

using high speed tungsten carbide drilling, and applied the electroless nickel coating using

procedures developed for unreinforced aluminum. The plated radiator was baked at 1000 C for

15 minutes.

QUALIFICATION ENVIRONMENT TESTS

The composite radiator panel was subjected to two qualification environment tests. The

3
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tests conducted were a vibration test and a thermal conductivity test. The vibration tests were

conducted with thermal control mirrors glued to the panel and the panel attached to the common

pressure vessel (CPV) battery as seen in Figure 1. The vibration qualification test frequencies

for the CPV battery were between 20 Hz to 2 kHz for a duration of 120 seconds. The vibration

tests were conducted for the axial and each of the two lateral directions. The vibration tests had

two objectives. The first was to learn if the graphite aluminum radiator would survive the

vibration tests with no visible deterioration. The second objective was to assure that the mirrors

glued to the panel survived the vibration tests with no visible damage and the mirrors were still

intact with the panel.

The radiator panel for qualification underwent a thermal conductivity test. The radiator

had three thermal control mirrors epoxied to its surface during the test. The outboard surface

of the composite radiator was covered with Kapton tape in order to improve emissivity. Min-k

film heaters were installed onto a CPV battery heat sink. Thermocouples were installed on the

radiator and heat sink. The assembly was placed in the thermal vacuum chamber. After

pulling a vacuum and flooding the chamber shroud with liquid nitrogen, the heaters were turned

on and thermocouple temperatures were monitored. The object of this test was to test the

panel's thermal conductivity temperature gradient betvieea the radiator and its respective heat

sink. The thermal conductivities in the longitudinal an, d transverse directions were compared to

the aluminum heat sink's thermal conductivities.

5
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NONDESTRUCTIVE EVALUATION TECHNIQUES

DYE PENETRANT

Liquid penetrant inspection, a nondestructive means of locating and determining the

severity of surface discontinuities in materials, is based upon fluid capillarity. Capillarity, or

capillary action, attracts the fluid to the discontinuity in a concentration heavier than in the

surroundings. In order for the fluid concentration to be recognized, the background area must

be of sufficient contrast to distinctly reveal the defect on the surface. The sequence of the six

test procedures is shown in Figure 5.

One of the most important steps of the dye penetrant procedure is the thorough cleaning

of the surface area of the panel. The surface to be evaluated has to be cleaned of all scale,

grease, dirt, and other foreign matter. Also, the panel should not be cleaned with much force

as this would close cracks or pores that exist on the surface skin of the panel (Figure 6).

The liquid penetrant is applied to the surface of the panel in even amounts. Capillary

action then draws the dye into any surface defects.' It is important that sufficient time (dwell

time) is allowed for penetration of the dye into the surface discontinuities (Figure 7).

After the 45-minute dwell time, the excess penetrant is removed. The removal process

should clean the surface of the specimen, but permit the penetrant in the discontinuities to

remain (Figure 8).

The developer, which is a powder type material, acts as a blotter. The developer is

applied to the surface of the panel and provides good visual contrast to the dye. The ultimate

success of the liquid penetrant inspection depends upon the visibility of the indications. To

ensure utmost visibility, the liquid penetrant contains a red dye easily seen in the white

developer. The capillary action of the developer draws the penetrant from the discontinuity

allowing the penetrant to appear on the surface of the panel as an indication. The indication,

6
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FIGURE 5. BLOCK DIAGRAM OF THE DYE PENETRANT FLAW
DETECTION SYSTEM
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because of the diffusion of the penetrant in the developer, is always larger than the discontinuity

(Figure 9).

Dye penetrant inspection was conducted on the graphite aluminum composite panel after

it was fabricated. There were dye penetrant indications in the 90" layup direction of the

radiator. The indications were seen on the front and back surfaces of the composite. The dye

penetrant method was used again after the panel was machined, and the indications were still

present and had stayed constant in size. The indications were peppered (many small pin hole

dots) in rows about three inches apart and about a half an inch in width as seen in Figure 10.

The diameter of the dots varied. The indications seemed to be in line with the holes, and the

holes made excellent reference markers for other discontinuities. After the panel was nickel-

plated, the dots were still present but some seemed to be plated over while others appeared at

new locations.

Each of the pinhole size dots corresponds to a pore or shallow microdimple in the

aluminum. The pores were not crack-like and there were no radial crack-like indications

around any of the bolt holes. The larger pores indications were approximately .02 inch in

diameter, whereas most of the pore indications were approximately .005 inch in diameter (see

Figure 11).

The dye penetrant method showed no new results after the qualification testing. The

shallow microdimples and other surface irregularities did not change in size or depth.

RADIOGRAPHY

Radiography consists of using the penetration and differential absorption characteristics

of radiant energy to examine material for internal discontinuities.2 Figure 12 illustrates the

absorption characteristics of radiation as used in the radiographic process. The composite panel

absorbs radiation, but, where it is thin or where there is a void, less absorption takes place.

The latent image, produced in the film, as the result of the radiation passing the panel, becomes

a shadow picture of the panel when the film is processed. Generally, where the defect is an

absence of material, such as a void or porosity, the image will appear darker than the

9
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FIGURE 10. DYE PENETRANT EXHIBITING IRREGULARITIES
ABOVE BOLT HOLE

FIGURE 11. DYE PENETRANT POROSITY PATTERN
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surroundings. If the material in the defect is more absorptive than the surrounding material, the

image will be lighter in appearance.

The x-ray machine utilized was the Faxitron #804. The Kodak double emulsion R film

was placed approximately 24 inches from the x-ray target. The focal spot size of the x-ray

beam was approximately. 1 mm. The power was set at 50 kv at a current of 2.5 mA. The

exposure was set for a 4-minute time cycle. The x-ray procedure was repeated after each of the

fabrication steps of the composite panel.

The radiographic procedure was conducted on the composite panel at each step of

fabrication and testing. The radiographic method relates atomic numbers of the material to the

lioht 2nd dark regions on the film at 50 kv. The dark regions correspond to a low material

density (low atomic number) while the light areas correspond to a high density (high atomic

number). The atomic numbers of the materials used in the composite are: carbon (atomic

number of 6), aluminum (atomic number of 13), and nickel (atomic number of 28).' Therefore,

if there is a light band within the composite, the indication could be an abundance of aluminum

(the atomic number of aluminum is approximately twice that of the graphite fibers) or an

absence of graphite fibers (the atomic number of graphite is approximately one half of the

aluminum). If the band is dark, it would be a deficiency of aluminum or an abundance of

graphite fibers or even an area of porosity. This phenomena can be seen in the radiograph in

Figure 13. The graphite fiber layup can be examined by the radiograph to confirm proper layup

patterns and directions.

The radiograph did not indicate any change in fiber directions or exhibit fiber breakage

after the composite panel was machined as seen in Figure 13. In the radiograph, the bolt holes

are black because there is no material to absorb or attenuate the x-rays. Approximately midway

within the composite panel after the 3rd row of bolt holes in the 0' fiber direction, a wavy

inconsistent tow of a graphite fiber can be seen. This is a layup flaw during the fabrication of

the radiator. There are also pinhole black dots throughout the panel. This can be attributed to

a deficiency of aluminum particles. There are some white dots on the upper right hand side of

the radiograph of the panel which could be inclusion flakes of aluminum.

The radiographic method was conducted on the panel after it was nickel-plated as seen in

12
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FIGURE 13. RADIOGRAPH OF COMPOSITE AFTER HOLES WERE MACHINED
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Figure 14. White dots are exhibited all over the panel which can be attributed to two

phenomena. The first would be that the nickel-plating process produced a very rough surface

leaving small bead-type bumps on the surface of the panel. The other case for the white areas

on the film is that the microdimples or pores were nickel-plated over, giving a very thin layer

of nickel over the pore. The pores are filled with nickel, and since nickel has significantly

higher absorption than aluminum and graphite, the nickel indications on the radiograph can be

seen easily. Around the machined holes are prominent white bands which are attributed to a

layer of pure nickel on the inside diameter of the drill holes (Figure 14). The nickel bands on

the radiograph are an excellent method of checking the uniformity of the thickness of the nickel-

plating process.

The radiograph in Figure 15, taken of the composite after the qualification tests, showed

no change in the composite in comparison to the previous radiographs. Three mirrors glued to

the composite appear very clear in the radiograph. The epoxy, which is the dark area shaped

like a distorted square under each mirror, shows up on the radiograph in Figure 16. The black

areas are areas of porosity within the epoxy.

ULTRASONIC TESTING

The ultrasonic immersion system is comprised of a flaw detection system, an ultrasound

immersion tank, and computer data analysis equipment. Each component and its integrated

parts will be discussed below. A block diagram of the ultrasound apparatus can be seen in

Figure 17.

The flaw detection system is comprised of: a pulse generator, a receiver, an

oscilloscope, a transducer, and a sweep generator. Some of these comporents are integrated

and combined into a commercial ultrasonic test instrument. The pulse generator or pulser is the

source of the short high-energy bursts of electrical energy that sets the transducer into

oscillation and the trigger pulse for starting the oscilloscope display. The receiver which

processes the returning echoes and initial pulse for display on the CRT is built into the flaw

instrument. The straight beam immersion transducer used in the scans of the composite panel is

14
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FIGURE 14. RADIOGRAPH OF COMPOSITE AFTER NICKEL PLATING
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Ph

FIGURE 15. RADIOGRAPH OF COMPOSITE AFTER QUALIFICATION TEST
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FIGURE 16. RADIOGRAPH OF THERMAL CONTROL MIRRORS
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a Harisonic 10 MHz, .375 inch diameter, 3-inch focused piezoelectric transducer. The beam

width of the transducer at the focal point is approximately .129 inch. The transducer is focused

into the composite panel for maximized resolution and flaw detection.

The immersion system is a method for automating the transducer manipulation. With

this system water serves as the coupling medium between the transducer and the composite

panel. The immersion system is a five-degree of freedom system. The degrees of freedom are

the x, y, z, gimbal and swivel axes. The y-direction is the raster scan and the x-direction is the

index for the ultrasonic image (called a C-scan). The transducer can be moved in the z-

direction, hence, focusing the transducer within the composite panel. There is a wrist assembly

to which the transducer is affixed that can move in a swivel and gimbal manner. The swivel is

a rotation of the transducer in a 3600 polar coordinate path while keeping the angle of the

transducer constant. The gimbal changes the angle of the transducer. The C-scan data is taken

when the transducer and the ultrasound beam are normal to the composite panel.

The A-scan is a display of the returned ultrasound signals from the composite. The A-

scan which is represented by 5 sharp spikes is displayed on the CRT screen and is shown in

Figure 18. The horizontal base line on the CRT indicates elapsed time (from left to right), and

the vertical deflection shows signal amplitudes. These are used to determine the size of the

discontinuity and the depth of the discontinuity from the front or back surface. The ultrasonic

pulse echo procedure can oe seen in Figure 18. The signals in Figure 18 correlate with the set-

up above. The initial pulse or main bang (spike 1) travels through the water and the composite

panel, and is reflected off a known reflector. Glass is chosen as a reflector (spike 4) because

the material is flat with few imperfections and is an excellent reference material for repeatable

results. The second spike is the front surface reflection from the composite. The portion

between signal 1 and signal 2 indicates the pulse travel time in the water. Since the portion

showing the water travel is of no interest, the delay and time base can be used to develop the

typical A-scan display without signal 1. Therefore, the front echo (signal 2) can be located at

the zero time position at the left of the screen. If there is a discontinuity (delaminations, voids,

porosity) there will be a spike D after the front surface spike and before the backwall spike.

The position of the discontinuity spike on the A-scan would be the position of the discontinuity

19
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FIGURE 18. DIAGRAM OF ULTRASONIC SET-UP AND A-SCAN AS SHOWN
ON THE CRT OF ULTRASONIC FLAW DETECTOR
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in the composite panel. The third spike is the rear surface reflection from the composite.

A C-scan is a map of the ultrasonic attenuation of the composite panel. The C-scan

display is a plan view of the panel with the horizontal and vertical positions of discontinuities

indicated on the printout. The C-scan provides no depth or orientation information of the

discontinuities. The C-scan recording indicates the projected length and width of the

discontinuity and the outline of the composite panel, as seen from directly above the panel. A

window or electronic gate is used to capture the signal used for C-scan. The signal is gated on

the reference glass as explained previously. A C-scan of the graphite aluminum composite

panel was taken at each step of fabrication and testing as seen in Figures 19 through 25.

The computer data analysis system (MISDAC) has numerous operations in which it

communicates with the immersion tank bridge. The MISDAC controls the scan and index of

the bridge and all of the movements of the axes of the manipulator and transducer. The

MISDAC acquires the data from the flaw detection system and digitizes the signal for advanced

imaging and storage. The MISDAC acquires data from the electronic gate every .030 inch in

the x and the y axis. Each voltage (range 0-10 volts) is divided into 256 levels of amplitude

which is the dynamic range of the resolution of the C-scans. Other capabilities of the MISDAC

include high speed grey scale and color imaging.

Corrosion is a concern in ultrasonic immersion testing of graphite aluminum composites.

Water can enter the composite via the exposed sides and holes and corrode the interior of the

panel. When aluminum and carbon are in contact with each other and exposed to a conductive

solution (water), a potential is set up between these two materials and a current flows.

Corrosion on the less corrosion-resistant material (aluminum) is increased and attack on the

more resistant material is decreased, as compared to the behavior of these materials when they
are not in contact. The less-resistant metal (aluminum) becomes anodic and the more resistant

material (carbon) cathodic. Because of the electric currents and dissimilar materials involved,

corrosion occurs.4 This form of corrosion is a galvanic corrosion or electrochemical corrosion.

The driving force for the current flow and corrosion is the potential or voltage developed

between the two materials. Aluminum and carbon are very distant on the galvanic series,

therefore, this combination is very vulnerable to such corrosion.
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FIGURE 19. GREY SCALE C-SCAN OF PANEL AFTER FABRICATION
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0.0 1.5 RED/BROWN
1.S 3.0 ORANGE
3.0 4.5 DARK MAGENTA
4.5 6.0 PINK
6.0 7.S YELLOW
7.5 9.0 BROWN/GREEN
9.0 10.5 DARK GREEN

10.5 12.0 GREEN
12.0 13.5 BLUE/GREEN
13.5 15.0 BLUE
1S.0 16.S DARK BLUE
16.5 18.0 PURPLE
18.0 19.S WHITE

FIGURE 20. COLOR SCALE C-SCAN OF PANEL AFTER FABRICATION
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FIGURE 21. GREY SCALE C-SCAN OF PANEL AFTER HOLES WERE MACHINED
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COLOR SCALE
THE C-SCANS ARE SET FOR PINK WHICH IS 50% SCREEN HEIGHT OF THE FLAW INSTRUMENT

ATTENUATED SIGNAL (db)
FROM TO COLOR

0.0 1.5 RED/BROWN
1.5 3.0 ORANGE
3.0 4.5 DARK MAGENTA
4.5 6.0 PINK
6.0 7.5 YELLOW
7.5 9.0 BROWN/GREEN
9.0 10.5 DARK GREEN

10.5 12.0 GREEN
12.0 13.5 BLUE/GREEN
13.5 15.0 BLUE
15.0 16.5 DARK BLUE
16.5 18.0 PURPLE
18.0 19.5 WHITE

FIGURE 22. COLOR SCALE C-SCAN OF PANEL AFTER HOLES WERE MACHINED
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FIGURE 23. GREY SCALE C-SCAN OF PANEL AFTER NICKEL PLATING
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COLOR SCALE
THE C-SCANS ARE SET FOR PINK WHICH IS 50% SCREEN HEIGHT OF THE FLAW INSTRUMENT

ATTENUATED SIGNAL (db)
FROM TO COLOR
0.0 1.5 RED/BROWN
1.5 3.0 ORANGE
3.0 4.5 DARK MAGENTA
4.5 6.0 PINK
6.0 7.5 YELLOW
7.5 9.0 BROWN/GREEN
9.0 10.5 DARK GREEN

10.5 12.0 GREEN
12.0 13.5 BLUE/GREEN
13.5 15.0 BLUE
15.0 16.5 DARK BLUE
16.5 18.0 PURPLE
18.0 19.5 WHITE

FIGURE 24. COLOR SCALE C-SCAN OF PANEL AFTER NICKFT, PLATING
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FIGURE 25. GREY SCALE C-SCAN OF PANEL AFTER QUALIFICATION TEST
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The contents of a delamination (separation of composite layers) and a void is air. The

void and delamination are indicated on the C-scan by way of their very high attenuation of their

ultrasound signal. Ultrasound cannot pass through air, but when water replaces the air in these

defects, the attenuation is reduced. This reduces the change in signal used to indicate a void or

delamination, thus giving a false evaluation of the panel. Therefore, because of the galvanic

corrosion and the ultrasound phenomena above the panel edges need to be protected from the

water of the ultrasonic immersion tank.

A method of water proofing or sealing these exposed edges of the composite is achieved

by a silicone adhesive (RTV). The adhesive is applied to the edges by a fine tip brush and

takes approximately 24 hours to setup and cure. Once the adhesive has been cured it seals the

surface from moisture. The silicone adhesive will highly attenuate the ultrasound waves as seen

on the outer edges and the holes in the C-scans in Figure 19. Therefore, special care must be

taken not to spread the adhesive on unexposed areas. When the ultrasound tests are completed

the silicone adhesive can be peeled away from the composite with no left over residue.

A grey scale is used for the C-scans which were conducted on the composite panel. The

white represents a high signal attenuation while the black represents no signal attenuation (as if

the material were transparent). White bands can be seen around the perimeter of the panel

which are high attenuation areas of the RTV adhesive. On the corners of the panel are four

white holes which are spacers that support the composite above the reference glass. These

spacers should be ignored on the C-scans. A 14-color scale is also used for the C-scans

conducted on the panel. Each color represents a range of voltages. If a signal falls into a

parameter of a voltage, the signal is assigned a color which corresponds to that parameter.

Each adjacent color is a change of approximately 1.5 dB.

The C-scan in Figures 19 and 20 has some irregularities within the panel. The 00 and

900 fiber directions can be seen in the C-scans. There is approximately a 3 to 4.5 dB

attenuation difference in signals between some of the regions within the panel. On the left side

of the panel there are areas exhibiting approximately 8.5 dB additional attenuation. Visual

inspection of the panel edges, on this side revealed delaminations. In Figure 20 starting from

the upper left side of the panel is a white spike which appears to be a delamination evaluated
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from the ultrasound data and visual inspection. This area is where the entire signal is attenuated

approximately 19 dB. In Figures 21 and 22, the holes can be seen in the C-scan after the panel

has been machined. The holes are white because of the RTV adhesive attenuating the

ultrasound signal. The panel for Figures 21 through 25 is rotated 1800 around the 00 axis

changing the orientation of the C-scans, but leaving the ultrasound parameters unchanged. This

change in orientation occurred because the reference number on the panel was cleaned during

the machining process, and Ni plated over. In Figure 22 the delaminations in the left region of

the panel appeared to be reduced in severity in the C-scan. But, the delamination in the left

side of the panel is unchanged in its signal attenuation. The center and right region of the panel

is more homogenous in signal strength, areas of anomalies seem to have lessened in severity.

The reasons for this phenomenon will be represented in the discussion. From the C-scan the

panel appears to be in good structural shape.

The C-scans in Figures 23 and 24 were conducted after the panel went through the

process of being nickel plated. The panel appeared to be unchanged from the nickel-plating

process.

The C-scan in Figure 25 was conducted after the thermal conductivity and the vibration

tests. There are three large reflecting mirrors glued to the panel which could not be removed.

The three mirrors show up as three white squares which should be ignored in the C-scan. The

panel appeared to be unchanged after the qualification environment tests.
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DISCUSSION

The composite panel's soundness appeared to improve in the subsequent C-scans after

the holes were machined. A hypothesis is that this phenomena is attributed to the panel's

physical layup properties during fabrication. When the composite is fabricated a residual stress

is created by the aluminum shrinking and the graphite fiber tending to remain in its original

form during the cool down process. The graphite fibers are under compression while the

aluminum is under tension. When the holes are machined there is a relaxation of the membrane

stresses in both materials created by the free surface around the holes and decreasing with

distance from the free surface. If there is a delamination within the composite the delamination

could lead to a bending moment between layers. When some of the compression is released by

the drill holes the relaxation allows the delamination to close.

It was thought that the water from the ultrasound tank was penetrating the panel through

its exposed surfaces between the silicone adhesive and aluminum interface by capillary action.

The delamination starting from the left side of the panel was present in the fabrication scan and

the scans preceding the machining process. The signal comes into contact with the left edge of

the panel and an edge of a drill hole. If water could have penetrated into the panel from an

edge or an edge hole, this signal would also be affected. From the results of this delamination

and in Appendix A, the occurrence of water penetration is unlikely. Therefore, the phenomena

of the C-scans appearing to improve, are possibly from the residual stresses within the panel

being released by the drill holes.
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SUMMARY

Nondestructive evaluation is very important from the time the composite is fabricated

through the time it is used for its application. A combination of NDE technologies is used to

evaluate the graphite aluminum composite space radiator panel.

The surface of the panel had some irregularities (porosity) on the aluminum faces. The

dye penetrant method showed this in the panels before and after the machining and nickel-

plating.

Radiographic NDE exposed areas of surface roughness and showed that the nickel was

plated over the porosity created in the fabrication of the panel. Radiographic NDE proved to be

an excellent method of checking the uniformity of the thickness of the nickel plating process.

From the radiograph's verification of the location of a inconsistent tow and some layup

anomalies in the 00 fiber direction within the composite are achieved. Radiography is ,useful in

the inspection of the uniformity of the epoxy used to adhere the thermal control mirrors to the

face of the radiator panel. The radiographs showed areas of porosity in the epoxy which could

inhibit the effectiveness of the epoxy's ability to conduct heat and its effectiveness in adhering

the mirrors to the face of the panel.

The ultrasound C-scans provided important data about the interior of the radiator panel.

The C-scans exhibited areas of delaminations and anomalies within the panel. The composite

panel's :"ndness appeared to improve in the subsequent C-scans after the holes were

machined. The hypothesis is that when the holes are machined there is a relaxation of the

membrane stresses in both materials created by the free surface around the holes and decreasing

with distance from the free surface. The relaxation after the machining of the drill holes

allowed the delamination to close resulting in a lower attenuated signal in the C-scans. The

panel appeared to be unchanged from the nickel-plating process and after the qualification

environment tests.
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The panel's internal and external integrity as demonstrated by the dye penetrant,

radiographic and ultrasonic evaluations was not impaired by the fabrication process and two

space qualification environment tests, which included both vibration and thermal cycling.
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APPENDIX

EXAMPLE OF WATER DIFFUSION INTO A

GRAPHITE ALUMINUM COMPOSITE PANEL

A graphite aluminum composite panel with known gross delaminations was submerged

into the ultrasound tank without the silicone adhesive. The signal attenuation of a particular

spot within the delamination was observed and recorded. As time elapsed water entered the

delamination, hence water replaces air giving a path for the ultrasound signal to travel. This

would give a false C-scan for the delamination because the signal is no longer being attenuated

by air. The plot of water diffusion versus signal attenuation can be seen in Figure A-1.

WATER DIFFUSION VERSES SIGNAL ATTENUATION

6.0 ]

5.5

5.0

4.5 .

C 4.0

0
I- 3.5

3.0 DATA TAKEN SUBMERGED IN WATER,
THRU-TRANS, 5Mhz CONTACT XDUCER

2.5

2 .0 , , , , , , . . . . , , .' ' I ' ' '

0 50 100 150

TIME (minutes)

FIGURE A-I. PLOT OF WATER DIFFUSION VERSUS SIGNAL ATTENUATION
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after 85 min. submerged dB=20 log (V1/V2)=20 log (3.0/5.0)= -4.43 dB

after 35 min. submerged dB=20 log (V1/V2)=20 log (3.0/3.75)= -1.93 dB

From the plot and the data above, the worst case is a change in gain of -4.43 dB after 85

minutes submerged under water. But an ultrasound C-scan takes approximately 35 minutes

which has a change in gain of -1.93 dB for this sample. The C-scans of the graphite aluminum

composite radiator with the silicone adhesive applied had a change in gain of 6 to 9 dB in the

panel after the holes were machined. The change of gain is very high and if attributed to water

diffusion only approximately -1.93 dB of the 6 to 9 dB can be accounted for. But, the -1.93 dB

of change is without the silicone adhesive leaving a path free for the water to penetrate the

composite. Therefore, the 1.93 dB change is highly exaggerated and the 6 to 9 dB change in

gain must be due to another phenomenon or a combination of phenomena.
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